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Motivation: CKM y angle measurement ,@

(p.n)

CKM matrix CP violation if n=0

( Vud K{s Vub) I~ )LZ /2 V V;’:

d 1D

VCKM = Vcd Vcs Vcb = —A Vi’d V. ;
le v, V, J AX(1-p-in)

b — u transition

B meson system 0.0) (1.0)
vy is the least well-known
angle of the CKM Can probe New Physics
triangle nowadays (select p—m values valid in most of the NP extensions)

Improving the resolution can lead to:
- consistency with SM prediction
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Motivation: CKM y angle measurement ,ng

(p.n)

CKM matrix CP violation if n=0
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b — u transition

B meson system (0.0) (1,0)
y is the least well-known _
angle of the CKM Can probe New Physics
triangle nowadays (select p—m values valid in most of the NP extensions)
Improving the resolution can lead to:
- NP scenario
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CKM y angle through B—DK decays

Use of B—DK decays is the cleanest way to measure v:
- tree-level amplitude only
- tiny theoretical uncertanties

y can be extracted exploiting the interference between the
processes b — cus (B-— D% K*) and b — ucs (B-— D K),
when D%and D°decay to the same final state

v e b Vi u
*'t. '-'*. c
b . c B VCH'.C
E. V b D':II
u u o - K
Favored b — c transition Color suppressed b — u transition
Al ~ vcbvus* ~ 3 AZ ~ vubvcs* ~ 3 rg e B i
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-CL

Current situation for the y angle

INFN
° 1
measurement using B- — DO K- -
3 L
m -~ D(*) K(*) GLW + ADS ‘D UTg
ICHEP 10 - D(*) K{*) GGSZ l:l Comb[nEd 5 - summerio
Full Frequentist treatment on MC basis =~ CKM fit © 0015 Input
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y(deg) = 71 [+21 -25] y(deg) = -106+11 and 74 + 11
Still large statistical uncertanty

* 66SZ (Giri-Grossmann-Soffer-Zupan) method (/rr.78,3257, PrD68,054018])

that uses the Bt — D K* decays with the D® and D° reconstructed into three-body final
state. For example the DO — KO, " «-

*_GLW (6ronau-London-Wyler) method (/r.8253483 pLB265,172))

that uses the B+ — D Kt decays with Dy, decay modes. Dgp, — &t ®-, K* K-

and Dgp. — KO, n0, KO, w, KO ¢.

- ADS (Atwood-Dunietz-Soni) method (Pr.78,3257:PrD63,036005)

that uses the B* — D K* decays with D reconstructed in the doubly Cabibbo suppresed
D%.s — K* -




ADS method



ADS Observables .
Direct CP violation in B — Dy 5K modes C

- expected large CP asymmetry
- decay suppressed by a factor of ~10-3 wrt favored
- results have to be combined with other methods to obtain y measurement




ADS Observables )
Direct CP violation in B — Dy 5K modes C

- expected large CP asymmetry
- decay suppressed by a factor of ~10-3 wrt favored
- results have to be combined with other methods to obtain y measurement

Rane(K) — N(B= = D% . K~)+ N(Bt = DY, K™)

Observables N(B~ = D¢pK~)+ N(Bt = DgpK™)
A (K — N(B~ = D% K~)— N(BT — D% K*)
N(B~ = D%_.K-)+ N(B+ = D%__K+)

DOr—Ka*, DOpes—K-
From theory:
Rips(K) = rp? + rg? + 2rgry cos(8p+3y) cosy

A 4ps(K) = 2rgry sin(dg+ 8p)siny/R 4p5s(K)



ADS Observables e )
Direct CP violation in B — Dy 5K modes C

- expected large CP asymmetry
- decay suppressed by a factor of ~10-3 wrt favored
- results have to be combined with other methods to obtain y measurement

. N(B- = D% K~)+N(B* - D% KT)
servables N(B~ = DY%.K~)+ N(B+ = DY .K™)
Aups(K) = N(B™ — D%CSK_) — N(BT — D%CSKJ“)
N(B= — D% oK~) + N(B+ — D% K+)
DOCF% K-TC+, DODCS%K'FTC-
From theory: —
Rips(K) = rp? + rg? + 2rgry cos(8p+3y) cosy A, (MAX) = —22—
r, +r
Aaps(K) = 2rgry sin(dg+ 8p)siny/R,ps(K) 1 —
N(B~ — DY qm) + N(Bt — DY o) :
Raps(m) = —5= R . Sizeable
NB™ = Depr) + N(BT = Depm?) asymmetries may
Aups(m) = BT = Dcsm™) — N(BT — DYpgr™) be found alsogfor
N(B~ — Dypgm) + N(BT — Dpyogm™) B— Dpes




ADS method at CDF

First measurement of A,ys and R,ps
at a hadron collider
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The Tevatron INFN

Good performances on Run IT: C
* peak L, = 3.5-4 1032cm2s-!
» delivering 2.5 fb-!/year

Luminosity {pb'1} .

- 10 o/

_To’r del lver'ed L

int”

s el i e

Main Injector | 20000

& Recycler..

11 I 1
'l%ﬂﬂ 2000 3000 4000 EDIIII G000 ?l]ﬂl] BO0D

Tevatron is great for rare B decay searches:
* Enormous b production cross section
(x1000 times larger than e'e” B factories)
- All B species are produced (B?, B+, B_, A, ...)
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The Tevatron ,@

E— Good performances on Run IT: (L~
- * Lot = 3.5-4 1032cm-2s!
» delivering 2.5 fb-!/year

Luminosity {pb'1}

e . _ BOO0— - e R A o

Main Injector | 8000 T
S Recycler.. - s :

"« Deliveres
2000/ — *  Acquired

I 1 I 111 1 I 11
'l%ﬂﬂ 2000 3000 4000 5000 G000 7000 BO0D
Slare numbar

Tevatron is great for rare B decay searches:
* Enormous b production cross section
(x1000 times larger than e'e” B factories)
- All B species are produced (B?, B+, B_, A, ...)
But:
* The total inelastic x-section is a factor 103 larger than o(bb)
* The BRs of rare b-hadron decays are O(10-6) or lower
Interesting events must be extracted from a high track
multiplicity environment

Detectors need to have: 12
- Very good tracking and vertex resolution and highly selective trigger



The CDF II detector ,ng

TRACKING system: AN — Yl

-,
|'||u!1| Calarimeter (EMH) ,

.

- DRIFT CHAMBER rorararg
96 layers (|n|<1) e

— 1.50 n/K separation by dE/dx

+ SILICON TRACKER
7 layers (1.5-22cm from beam pipe)

— I.P. resolution 35 um at 2 GeV
— o(p1)/p+% ~ 0.015% (c/GeV)

TRACKING TRIGGER SYSTem: ’ _: Time-of-Flight Detector ) 10 Wea
 Chamber track processor at L1, - S°LE“°'f’,""" :

2D tracks in COT, p;> 1.5 GeV g | :

3] coT ’/’ E g 2.0

- Silicon Vertex Trigger at L2, ] 4 .

2D tracks pr> 2 GeV, E R — T :
Impact Parameter measurement (trigger — 2=l . o

on events containing long lived particles) SN \L‘l"l U AU

5 LAYERS SILICON LAYERS



CF and DCS samples (L = 5fb-!) 8,
(e

B-— D% m— [K' ]

B_ — DOCF T — [K_ TE+] T

CDF Run Il Preliminary Lint =5 fb”

]
L

16000 — Cabibbo Favored
. B — D — [K n*] 7 + c.c.

]
=]
=]
(=]
II|II

I T T e | Ly
98 49 50 51 52 53 54 55 56 57 58
Kxr mass [GeWcE]

CDF Run Il Preliminary Lim =5fb”

Events per 10 MeV/c?

Cuts optimization =

 Maximize the quantity 54

Doubly Cabibbo Suppressed

- 0o _- -
B — D, 7 — [K'x]x +c.c.

bo""|"

51 52 53 54 55 56 57 58
Kz mass [GeWcz]

Crucial step toward
the DCS modes

75 °n CF sample.  (arXiv:0808063v2)
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Optimized selection e )

D9 candidate

Cuts on:

* the invariant mass

» angular distribution

* the decay length wrt B o remove B—3 body decays

* particle identification of tracks from D° to remove D%—mnn
events

15



Optimized selection .
. L/
B candidate

Cuts on:
wrt primary vertex

* impact parameter
- angle between momentum and decay length

SV

d, = impact parameter

16



Optimized selection 8,
. L/
B candidate

Cuts on:

- decay length wrt primary vertex

* impact parameter

- angle between momentum and decay length

p;(B) " - space

pr(B)+ Y, py(i)

- isolation I(B) =

- 3D vertex quality, obtained with the 3D silicon-tracking, to:
- resolve multiple vertices along the beam direction
- reject fake tracks.

Backg. reduces x2, small inefficiency on signal (<10%).

17



‘ CF and DCS

B-— DOy t— [K w*]

CDF Run Il Preliminary Lirll =5 fb’

w

(=]

(=]

(=]
|||||

Events per 10 MeV/c?

Cabibbo Favored
B — Dl v — [K n*] = +c.c.

i L s L

55 56 5.7
Kz mass [GeV/c?]

after cut optimization |,

B- — D5 m— [K* ]
CDF Run Il Preliminary Lirlt =5fb"

.
NFN

.

240
220
200
180
160
140
120
100
B0
60
40
20

B — D"

Events per 10 MeV/c®

Signal region

Doubly Cabibbo Suppressed
pes © — [K' ] + c.c.

I|m_'l1||'r 11I|'l '|1II'|' 1]|rr 1||rr T

9 " 54 55 656

5.7

5.8

Kz mass [GeWcz]
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CF and DCS after cut optimization
C

B-— DO m— [K w*] 7t B- — D5 m— [K* ]
CDF Run Il Preliminary Lirll =5 fb’ CDF Run Il Preliminary Lirlt =5fb"

B Cabibbo Favored
- .n _ - _
5000 B — D, — [K «*]x +c.c.

240 Doubly Cabibbo Suppressed
2201

200
180[
160F
140}
120F
100}
gof
60F
a0l
20

B — Dy« — [K' 7]« +c.c.

Events per 10 MeV/c?
Events per 10 MeV/c®

Signal region

B - I - Ll I |||||||| I il I T T T T T N I T O A N A s
54 55 56 57 58 98 49 50 51 52 53 54 55 56 57 58
Kz mass [GeV/c?] Kzt mass [GeV/c?]

Fit procedure

Use of an unbinned maximum likelihood fit (combined on CF and DCS
modes) to separate signals contribution using:

= mass information -

= particle identification (dE/dx with K- separation: 1.5 o for p > 2 GeV/c)



Results: CF reconstruction .

+ 0] + - ot + B- DO = K+ = =
B* - DO *— [K ] x — DO = [K']n
CDF Run |l Preliminary le =51fb’ CDF Run |l Preliminary le =51fb’
o, 3000 e 300D
3 - B D, [K' x]n 2 - B DL~ —[Kx]x
2 2500 Duta 2 2500[ Duta
ol - Tatal ol = Tatal
— - . — -
5 2000 [ Je-p~ 5 2000f- [CJe-o'~
2 - i - e 2 C ek
g 1500/ —— BB g 1500/~ B0
w N sy, Combinatorial background w I s " Combinatonial background
1000 | 1000}~
500 — 500—
D_-_ e ., S l L L 1 0 i P IR PR |
520 525 530 535 540 545 550 555  5.60 535 540 545 550 555  5.60
K*x'r* mass [GeV/c?] Kx'x” mass [GeV/c?]
= 5§ = 5§
< 3 < 3
= 3 = 3
5 3 5 3
g a . alin g
T 3 T 3
=5 =5 - - - - - - - -

5.20 5.35 5.0 5.35 5.40 5.45 550 5.55 5.60 5.20 5.35 5.0 5.35 5.40 5.45 550 5.55 5.60

Yield (B — D.K) = 1513 = 68 (5 fb-1)
Yield (B — D) = 17677 = 146 (5 fb-!)
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Results: DCS reconstruction )

First reconstruction of DCS signals at a hadron collider.

+ 'DO + [ - +] + - 0 - [ + -] -
B* — DO%¢s t'— [K ] m B-— D%¢s m— [K'w]m
CODF Run Il Preliminary le =5th’ CODF Run Il Preliminary le =5th’
1‘. 35— B "ﬁulztcs-"+ = [K o 1‘. 35— B Dpgg '+ [K* a]r
E a0/~ —+— Data E a0/~ —+— Data
= Total = Total
= - = "E\.L‘__;.T' = - - 3 o' en T
5 2L | L D s B,k 5 B 0 & - 0. K
o F B~ & F 5--D"x
= 20— B e K b= 20:_ B Ko
] B 5 DT, ] BN 5D e
w15 B D, D X & 15 .o
i T [ [ Sl
10— - = Combinatorial background 10
5| T 5 ———
oF _ . s S S A oEmes Ak T T
5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.55 5.60 5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.55 5.60
K*x* mass [GeV/c] K*x* mass [GeV/c]

(data-fity o,
LB TS P S TR T
(data-fity o,
dnbdafalo Lpatasen

5.20 5.25 530 535 5.40 5.45 5.50 5.55 5.60 5.20 5.25 530 535 5.40 5.45 5.50 5.55 5.60

H

Yield (B — DypcsK) = 34 =+ 14 (5 fb-')  Significance for all DCS
Yield (B — Dpcesnt) = 73 = 16 (5 fb-')  signals (Dpcs® + DpcsK) > 50



Results: physics background

Physics background for DCS:

Decay

Yield

B-—DY -, DO*—=D%/n®

3+3

B-—DO%n-, DO—X

90 + 13

B-—DOK-, DO—X

4+ 3

B-—Kxm

18 +4

BOe DO*- et Ve

4+ 3

B* — DO m— [K ] m*

CDF Run Il Preliminary Lint =5 tb?!

-
=
=

Events per 14 MeV/c®

B* D, = [K ] ot

E —+— Data
| Tatal
i -0
B D e~k
E B* =0 =
I B" = K !
L B -D'ew
= i ]
F B' -« 0 a* D' X
g B s -Dw, 0" X
Combinatorial backgr
E T

P e N | L |
5.50 555  5.60
K'7x* mass [GeV/c?

520 525 530 535 540 545

B- — DO%s m— [K* ] o

CDF Run Il Preliminary Lint =5 tb?!

15"
1] | B =D = [K ]
— 4 Bl
2 10 8 Data
g - Total
2 el o
E = m & - I:||:!:': K
o = B—-D"x
n = B - K
E 107 = B' D e v,
> E B = 0%, D' X
w - + [
10 Cm === Combinatorial background
1E T “‘

P N " | |
5.50 555  5.60
K'7x* mass [GeV/c?
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Results: the observables mﬁ?
.

First measurement of A,ps and R,ps
at a hadron collider.

R, (1) =0.0041 = 0.0008(stat) = 0.0004(syst)
A, ps () =0.22 £ 0.18(stat) = 0.06(sys?)
R,,(K) =0.0225 + 0.0084(stat) + 0.0079(syst?)
A, (K) =-0.63+0.40(stat) = 0.23(syst)

(CDF public note 10309)
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Summary of results

.
INFN

-

The results are in agreement and compatible with B-factories

B—D=x

CKM 2010
PRELIMINARY

BaBar
arXiv:1006.4241

Belle
CKM2010 preliminary
CDF
CKM2010 preliminary

Average
HFAG

A

R, 5 Averages

Averages

0.0033 = 0.0006 + 0.0004

0.0033 = 0.0004 = 0.0002

i
A 0.0041 = 0.0008 + 0.0004

0.0034 = 0.0003

_________ B ]

B—D=x

CKM 2010

PRELIMINARY

BaBar i
arXiv:1006.4241 '_'*'
Belle S
CKM2010 preliminary Ie;

; (=
CDF: TS
CKM2¢1 0 preliminary i
Average
HFAG: +

» 0.03017 004
10.04 +0.11 *39)
0.22 +0.18 + 0.06

0.03 + 0.08

CKM 2010
PRELIMINARY

B—~DK R, Averages

‘BaBar '0.011 = 0.006 = 0.002
arXiv:1006.4241
v Belle f 0.016 = 0.004 = 0.002
E CKM2010 preliminary
!| CDF 0.022 = 0.008 = 0.008
O CKM2010 preliminary
Average 0.015 = 0.004
v HFAG
B—DK A, Averages [OF¥s¢
PRELIMINARY
' BaBar ? " P ! -0.86 = 0,47 312
arXiv:1006.4241 I ;
: f | hp 20,06
v Be”e : : A -0.39 = 026 -0.04
!l:: CKM2010 prelir'_pinaryr
I CDF -0.63 = 0.4D + 0.23
a CKM2010 préiminary T OB 5
Average * -0.52 = 0.21
HFAG : :
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CDF program on vy e o)
C

The ADS measurement belongs to a broader program of CDF for
measuring y from trees.

Recently published the GLW measurement using 1 fb-! of data
(Phys.Rev.D81:031105,2010)

The 6LW method

- Direct CP violation in B — DK modes

(Dep, — m* v, K* K- and Dp. — KO, 79, KO, w, KO ¢.)
- very clean method
- small asymmetry, sensitivity to y proportional to ry

The observables
From theory:

_ [(B~ = Dg K )+ T(B" = D/, K™) Rep, = 1+ rgé + 2rp cosd, cosy

* (B —=D°K)+I'(B* — D°K")]/2

RCP

Acp, = 2rg sindg siny/Rp,

A = [(B” — Dgp.K)-T(B* = D¢, .K) 3 independent equations
CP =+

* T(B—=D%.K)+T(B* = D% .K*)|  (Ap.Rep. = ~Agp Rep bs
and 3 unknowns (rg, v, 9g)




Results .

D mode BT - Dt B~ — Dn— Bt — DKt B— —- DK~

K—nt 3769 +68 3763168 250+£26 266+ 27

KTK~ 381+25 399+26 22+ 8 49+ 11 Yield (B — Dcp K) ~ 90 (1 fb-l)

atr= 101+13 117+14 6+6 14+6
(4] - . + No
%‘ 200/ B® = Dep, v* — [K K] 7 %mo
= 180 " . =
(=] r B"— DCP”‘ o
- 160: B* — D, K* ﬂ 80
8 1401 B> D a
L1120 [ | B*— K K"K 260
5 - -- combinatorial background 5
g 100 9 >
Ll - Ll
80 40
60
i 20

PRELIMINARY

B—~DK Agp, Averages [ B—-DK Rgp, Averages HEAG

PHELIMINARY
B%E!ar 0.25+0.06 = U 02 BaBar . 118 =0.00 < 0.05
E-ﬁeﬂ: oo L 0062014005 arXiv:1007.0504 i

¥ PRD 73, 051106 (2006) '—:*—‘ ' o BE"E 1.13+0.16 + 0.08
g[ CDE ; » 01?+004] © ___PRD:73,051106 (2056&‘""

a PRD 81, 031105(R) (2010) ' '—'—*—i D”[ ER%E; 0511058 1.30 £0.24 = 0.12]
Average 5 0.24 0.06 ( “2“ ‘U’E

HEAG : : Aveerage L 1.18 = 0.08

R S BRI B O P HFA |




Conclusions A

+ CDF performed:
» first measurement of A,ps and R,y at a hadron
collider using 5 fb-1.
- Significance of DCS signals (Dycs @ + Dpcs K) > Bo

- first measurement of A, and R p, at a hadron
collider using 1 fb-1.

* Demostrated capability of hadron collider with B to
charm decays. The results are competitive with
B-factories

* While B-factories updated the measurement to all
dataset available, CDF expect to double the data-set by

2011 and give significant updates soon. .



BACK-UP



Fr.om an LHCb S'l'Udz: r'eSO|LI1'i0n ony lng

(assuming 2fb-1) C
B mode D mode Method o(y)

}Sgna only,
no accept.
effect

B0—DK*0 Kr + KK + e ADS+GLW 7°-10°
B0—DK*0 Ksmc Dalitz under study
B.—DK KKx tagged, A(t) 13°

B — nw, KK 4°-10°

When statistics becomes sufficiently large to actually see
the B->DK DCS decay, the most sensitive method for
measuring gamma becomes ADS (+GLW), not Dalitz.  ,



@ Separating

DK from other modes )

NFN
(&

CDF Run Il MC B-— DOCF T — [K_ Tl7+] T yLm=5fb"
S 1600} B D' L Cabibbo Favored
s f ' ﬁ B — D — [K 2] 4 C.C.
© 1400} MC B DK = -
3 °
£ 1200 B-D°r 5
6 o
%1000 BoD 2
& 0
g g DATA
E
z 600 Other decay
e _
200 ; ]L
B ]-,l-._, L I N N R Loy P bl
|- B WVSY NN PREOY P | 98 49 50 51 52 53 54 55 56 57 58
D’ 1 mass [GEWBE] Kt mass [GEW::EI
To reject most of the physical
 <@=m backgrounds, narrow fit windows
[56.17,6.5]
| . The only significant physics backgrounds
o N are B-—D°fr)and B- —DO"11-) 30
5.1 5.2 53 54



Separation by Particle ID .
C

Implementation of a Likelihood FIT using masses and particle

identification (dE/dx) information to determine the signal
composition

CDF Run Il Preliminary

0.06—

0.05

_i'!-f‘i‘! 7-c+

0.04

Frequency per 0.2 ns

0.03[-
0.02[~

0.01

*LJ 1 JJ—I-"F-.l L1 111 I 11 1 ' WJ':'FJ-L_LLLLI Ll
9% 8 6 -4 2 0 2 4 6 8 10

dE/dx residual [ns]

K - = separation: 1.5 o for
p > 2 6eV/c 31



ADS: Systematics mﬁ
C

Source RAps(’ﬂ') RADS(K) AADS('J’T) AADS(K)
dE/dx 0.0001 0.0050 0.0560 0.070
combinatorial background | 0.0003 0.0037 0.0073 0.153
B~ — [X]|p7~ shape 0.0002 0.0025 0.0067 0.057
B~ — [ X]|p K~ shape - 0.0001 0.0003 0.003
B~ — K~ 7nTn~ shape 0.0001 0.0004 0.0049 0.009
B — D" etv, shape - 0.0003 0.0020 0.007
B~ — D*%r~ shape - 0.0005 0.0009 0.013
efficiency - 0.0001 - 0.003
bias 0.0001 0.0042 0.0159 0.148
Total 0.0004 0.0079 0.059 0.232
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ADS: Likelihood 8,
(>

L=Lcpy Lop—-Lpcs+ - Lpos—

Nevents

Lory = I |0 =bero)- (FEFF - pdf=(M,ID) +c* - fEFF - pdfp. (M, ID)+

7

n (1 _fOFF _ ot fgﬂ) - pdfic (M, ID)) + bors  pdfeomy(M, 1 D)]

Nevents
Loest = [ |0 =bpest) (FPO5F - pdf=(M,ID) + ¢ - fPO5F - pdfp. (M, ID)+

+ (1 - fPO5F — et fPOS)  pdfic (ML ID)) +
‘|‘bDCS+ ’ (f[}]ﬁ ’ pdf[X]?T(AL ID) + f&u{ ) Pdf[X]K + fj&tww ’ pde?rw(Afa ID)‘|‘

o Pdfpo(M,ID) + (1 = fix. = fixix = fibmr — F0) - Pdfcomp (M. ID))}

pdf.(M,ID) = pdf(M) *pdf(ID) Analogous expressions for negative charges

Fitted parameters
- b ¢ pes = background fraction for CF and DCS
- f. . bcs = B->D° n fraction for CF and DCS signal
- ¢ = fp. /f, (equal for CF and DCS)
- fxg. = fraction of B->D° m, D°->X in DCS reconstruction (constrained from MC)
- fxx = fraction of B->D%, D°->X in DCS reconstruction (constrained from MC)
- fx.. = fraction of B->K- 5+ n- in DCS reconstruction (constrained from MC)
- fgo = fraction of B®->D*- e v in DCS reconstruction (constrained from MC)
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